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Abstract
Impaired ability to conduct daily activities is a diagnostic criterion for dementia and a determinant
of healthcare services utilization and caregiver burden. What predicts decline in instrumental
activities of daily living (IADLs) is not well understood. This study examined measures of episodic
memory, executive function, and MRI brain volumes in relation to baseline IADLs and as predictors
of rate of IADL change. Participants were 124 elderly persons with cognitive function between
normal and moderate dementia both with and without significant small vessel cerebrovascular
disease. Random effects modeling showed that baseline memory and executive function (EXEC)
were associated with baseline IADL scores, but only EXEC was independently associated with rate
of change in IADLs. Whereas hippocampal and cortical gray matter volumes were significantly
associated with baseline IADL scores, only hippocampal volume was associated with IADL change.
In a model including cognitive and neuroimaging predictors, only EXEC independently predicted
rate of decline in IADL scores. These findings indicate that greater executive dysfunction at initial
assessment is associated with more rapid decline in IADLs. Perhaps executive function is particularly
important with respect to maintaining IADLs. Alternatively, executive dysfunction may be a sentinel
event indicating widespread cortical involvement and poor prognosis.
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INTRODUCTION
Dementia, by definition, is associated with both compromised cognition and independent
functioning. Deficits in daily living skills are related to increased distress and reduced quality
of life for the patient and caregiver as well as increased use of healthcare services (Hope et al.,
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1998; Severson et al., 1994; Vetter et al., 1999). Given the significant burden of functional
impairments on the patients, caregivers, and care providers, identification of factors that best
predict future decline in daily functioning has important clinical implications.

The assessment of everyday functioning in older adults typically focuses on an individual’s
ability to carry out activities of daily living (ADLs). Basic ADLs (BADLs) include tasks such
as grooming, feeding, and toileting, whereas instrumental ADLs (IADLs) involve complex
behaviors including managing finances, handling medications, and housekeeping. BADLs are
highly correlated with motor functioning and coordination (Bennett et al., 2002; Boyle et al.,
2002; Cahn et al., 1998). In contrast, declines in IADLs have been shown to be influenced by
cognitive functioning, are affected relatively early in the course of dementia(Stern et al.,
1990), and may be present in preclinical dementia states such as mild cognitive impairment
(MCI; Griffith et al., 2003; Ritchie et al., 2001). Assessment of ADLs in large-scale studies is
usually conducted through informant report. This method of ADL assessment has the
advantage of asking family members or caregivers who are familiar with the individual’s
performance in real-world environments to rate their level of functioning, and is also highly
time and cost-efficient. Performance-based assessment of ADLs, in contrast, allows a trained
rater to directly observe behavior in well-defined functional tasks. This method may not
accurately reflect true abilities however, insofar as the assessment is conducted in a structured
environment with prompts to carry out desired tasks. Furthermore, because most performance-
based scales are time-consuming, they are less practical for use in large-scale research studies.

Early work in this area demonstrated a relationship between global cognitive impairment and
global measures of functional status (Reed et al., 1989; Skurla et al., 1988). Recent studies
have reported an association between impairments in specific cognitive abilities and global
measures of daily functioning. For example, a number of studies show memory (Farias et al.,
2004; Goldstein et al., 1992) and executive functions (Bell-McGinty et al., 2002; Boyle et al.,
2004; Cahn-Weiner et al., 2002; Richardson et al., 1995) to be the cognitive domains most
consistently associated with various measures of everyday function. Whereas these studies
have shown that tests of memory and executive functioning are associated with baseline
functional status, the relative importance of each of these domains has been unclear for a
number of reasons. First, most studies have used neuropsychological instruments that are not
psychometrically matched to have similar measurement properties across different cognitive
domains. It is thus possible that different patterns of statistical significance reflect differences
in scale range or reliability rather than true differences in associations between cognitive
domains and daily function. Second, most studies examining the relationship between
cognition and functional impairment have been cross-sectional, and have not examined how
well memory and executive function at baseline predict rate of future decline in IADLs.

Longitudinal studies evaluating cognitive functioning and its influence on future disability
have typically relied on global measures of cognition. Population-based longitudinal studies
have shown that global measures of baseline cognitive function are associated with a faster
rate of functional decline and predict future disabilities in IADLs (Barberger-Gateau &
Fabrigoule, 1997; Schmeidler et al., 1998). Two more recent studies evaluated how specific
cognitive domains predict future decline in functional status in patients with cerebrovascular
disease (CVD). Boyle and colleagues (Boyle et al., 2004) reported that, after accounting for
global cognition at baseline, baseline performance on tests of executive function accounted for
a significant proportion of the variance in IADLs after one year. The predictive utility of other
specific cognitive domains such as memory were not examined. Bennett and colleagues
(Bennett et al., 2002) reported a six-year longitudinal study of subcortical vascular disease and
functional decline and found that a measure heavily dependent on attention/visuospatial and
executive functions was the only independent cognitive predictor of IADL decline. These
studies suggest that executive measures predict future daily functioning in patients with CVD,
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but are limited to some extent in their generalizability to other aging related neurodegenerative
conditions. Furthermore, similar to the cross sectional studies, neuropsychological measures
of different cognitive domains have not been psychometrically equivalent, making the relative
importance of the different cognitive domains difficult to evaluate.

The relationship between IADLs and neuroimaging is not well understood. Two imaging
measures that have been of particular interest are hippocampal atrophy, which is associated
with memory dysfunction (Golomb et al., 1994; Grundman et al., 2003; Reed et al., 2000) and
white matter abnormality and lacunes, which appear to be most strongly (but not exclusively)
associated with executive dysfunction (Cummings, 1993; Reed et al., 2004). Cahn and
colleagues (Cahn et al., 1996) demonstrated that elderly depressed patients with greater
subcortical disease performed worse than those without significant disease on IADLs. In
contrast, a study of patients with vascular dementia conducted by Boyle and colleagues (Boyle
et al., 2004) reported that after accounting for the contribution of executive function to IADL
performance, subcortical neuropathology on MRI did not account for additional variance.
Farias and colleagues examined the relationships between MRI-based hippocampal volume
(HV), white matter hyperintensity (WMH) and everyday functioning. In this large, community-
based study of multicultural and multilingual individuals, HV and WMH correlated
significantly with everyday functioning, but WMH continued to show an effect after
accounting for age, whereas HV did not. No studies to date have yet evaluated the predictive
power of brain imaging for ADLs in AD, either alone or in concert with neuropsychological
measures.

The goal of the present study was to examine cognitive and MRI predictors of longitudinal
change in IADL ratings. We focused on memory and executive function for the reasons outlined
earlier. In addition we examined the contributions of HV and WMH in order to determine if
they offer additional predictive ability, or whether they mediate the effects of the cognitive
measures. The neuropsychological composite indices employed in this study have matched
psychometric properties that were derived from item response theory methods, enabling us to
better characterize the relative importance of memory and executive function in predicting
ratings of IADL change.

METHOD
Participants

Participants were recruited from three academic dementia centers as part of a multicenter
collaborative longitudinal study of aging and cerebrovascular disease, described previously
(Mungas et al., 2005; Reed et al., 2004). The majority of participants with cognitive
impairments (excluding controls) were initially referred for a clinical evaluation.All
participants received a thorough examination, including medical history, neurological
examination, appropriate laboratory tests (e.g., serum chemistry, blood count, thyroid function
tests, lipid panel, syphilis serology, serum folate and vitamin B12), neuropsychological testing
with a standardized test battery and interview with a collateral source to assess everyday
function. In addition, participants received a standardized MRI scan of the brain at baseline.
Exclusion criteria included (1) neurological illness other than AD or CVD; (2) cortical
infarction on MRI; (3) significant closed head injury with loss of consciousness lasting longer
than 30 minutes and resulting in significant cognitive or functional changes subsequent to the
injury; (4) alcohol abuse within 5 years of the onset of cognitive loss; and (5) use of neuroleptics
or antidepressants other than selective serotonin reuptake inhibitors and regular use of
anxiolytics, hypnotics, or antihistamines. The institutional review boards at all participating
institutions approved this study, and subjects or their legal representatives gave written
informed consent.
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Participants were selected from the parent sample simply on the basis of having at least two
functional measure assessments with imaging and/or neuropsychological testing performed
within six months of the baseline functional assessment [mean lag between neuropsychological
testing and IADL = 1.2 months (SD = 1.6); mean lag between imaging and IADL = 2.2 months
(SD = 1.6)]. We elected to restrict the sample to those with imaging and cognitive information
within 6 months of the initial functional assessment to ensure that these measures were close
to the values at baseline. The parent sample consisted of a total of 621 individuals, and of these
individuals 124 persons, 52 cognitively normal, 35 MCI, and 37 demented (diagnoses at
baseline evaluation) were included in the current study because they had neuropsychological
testing and imaging within 6 months of the functional assessment and because they had at least
two functional measure assessments. MCI was defined by any cognitive impairment sufficient
to cause a Clinical Dementia Rating Scale (Hughes et al., 1982; Morris, 1993) score of .5. The
CDR was determined according to previously published protocols that included a semi-
structured interview of both the patient and the informant by certified CDR administrators. The
CDR score was determined independently of neuro-psychological information according to
published protocol. Of those with dementia, 24 had either possible or probable AD
[NINCDS0ADRDA criteria; (McKhann et al., 1984)], 7 had either possible or probable
ischemic vascular dementia [ADDTC criteria; (Chui et al., 1992)], and 6 had a dementia of
mixed (AD0CVD) etiology.

Neuropsychological Measures
All participants underwent a standardized neuropsychological assessment. Several tests were
used to derive psychometrically matched measures of memory (MEM) and executive function
(EXEC) that served as the independent measures in this study. Details of scale derivation and
validation have been reported previously (Mungas et al., 2003). To summarize, item response
theory (IRT) analyses were performed to evaluate basic psychometric properties of items or
units of measurement of potential donor scales from the neuropsychological assessment. Items
were then selected for the scales so that the final scales have matched and uniformly high
reliability across a broad range of ability. That is, the two scales have similar levels of reliability
at all points of the ability continuum. The MEM composite (38 possible total points) was based
on the MAS Word List Learning Test (Williams, 1991). It was composed of the sum of short
delay free recall (12 points), short delay cued recall (12 points), Trial 3 total recall (11 points),
and Trial 1 (3 points). The EXEC composite (79 possible total points) was constructed using
WMS-R (Wechsler, 1987) Digit Span backward and Visual Memory Span backward total
scores (12 points each), the Initiation/Perseveration subscale of the Mattis Dementia Rating
Scale (13 points), (Mattis, 1973) and letter fluency [(Benton & Hamsher, 1976); FAS, 14 points
for each letter]. These measures were converted to standard scores based on the mean and
standard deviation of a group of normal controls from a larger sample of 400 from this project
(Mungas et al., 2003). The scales have a mean of 100 and SD of 15 in the sample of controls,
and have high reliability (r > .90) from about −2.0 SD below the mean of the overall
development sample to 2.0 SD above the mean. These measures do not have appreciable floor
or ceiling effects for participants in this sample and have linear measurement properties across
a broad ability range. They are near-normally distributed, which presents advantages for
statistical analyses.

Activities of Daily Living Measure
The Blessed Roth Dementia Rating Scale (BRDRS) requires an informant to rate two groups
of activities, physical ADLs (e.g., eating, dressing, and toileting) and instrumental ADLs (e.g.
housekeeping and money management). For the purpose of this study, only the eight IADL
items were analyzed. The eight BRDRS IADL items are shown in Table 1. They are rated by
a clinician based on caregiver report of the patient’s ability to complete the task using a scale
of 1 = “Unable,” 0.5 = “Some trouble,” and 0 = “Normal.” The BDRS has often been used as
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a measure of functional status because of its demonstrated correlation with postmortem
biochemical and neuropathological changes (Blessed et al., 1968,1988;Tomlinson, 1977).

MRI Methods
The MRI protocol included a T1-weighted coronal magnetization prepared rapid gradient echo
study with 1.5-mm slices and double spin-echo axial study (Reed et al., 2001). Segmentation
to obtain quantitative volumes of lacunes (LAC), WMH, cortical gray matter (CGM), and
hippocampal volume (HV) was accomplished using the T-1 and T-2 weighted axial images.
Image segmentation methods have been previously described elsewhere (Fein et al., 2000). A
computer algorithm was used to classify brain MRI pixels first into principle tissue types of
gray matter, white matter, and cerebrospinal fluid. Subsequently, an operator-guided computer
algorithm was applied to further subdivide gray matter into cortical and subcortical gray matter,
and white matter into white matter lesions and normal appearing white matter. In addition, total
intracranial volume was computed by summing overall pixels within the intracranial vault.
Normalization of regions of interest volumes was accomplished by multiplying each volume
by the ratio of the average control group total intracranial volume to that particular subject’s
total intracranial volume.

Semi-automated hippocampal volumetry was carried out using a commercially available high
dimensional brain mapping tool (Medtronic Surgical Navigation Technologies, Louisville,
CO), that has been recently validated and compared to manual tracing of the hippocampus
(Hsu et al., 2002). Measurement of HV is achieved first by manually placing 22 control points
as local landmarks for the hippocampal head, one at the tail, and four per image (i.e. at the
superior, inferior, medial and lateral boundaries) on five equally-spaced images perpendicular
to the long axis of the hippocampus. Second, fluid image transformation was used to match
the individual brains to a template brain, and pixels corresponding to hippocampus were labeled
and counted to obtain the volumes (Christensen et al., 1997). This method of hippocampal
voluming has documented reliability as measured by intraclass coefficients of .94 (Hsu et al.,
2002).

Lacunes were operationally defined as small areas of the brain (<3 mm) with increased signal
compared to CSF on proton density MRI in subcortical gray and white matter. Lacunes were
differentiated from perivascular spaces because only lacunes are hyperdense relative to CSF
on proton density images. For all scans one board certified neuroradiologist identified the
lacunes. These lacunes were subsequently outlined by hand by a trained operator according to
previously described criteria (Reed et al., 2000).

Data Analysis
Two sample t-test or chi-square tests were used to compare continuous and categorical
variables between the parent and current study sample. Multiple imputation methods, using a
Markov Chain Monte Carlo approach, were used to impute missing IADL ratings. IADL ratings
were only imputed for dates at which the functional measure was attempted but not completed
either because of an insufficient caregiver available to evaluate the functional ability of the
subject or an incomplete questionnaire. Only 10% of the IADL ratings were imputed and 68%
of those imputed were for normal subjects. We imputed 10 data sets assuming an underlying
distribution of the IADL ratings centered at the baseline mean of each diagnostic group and
combined the results from each of the data sets to yield final estimates of the associations.
Alternative assumptions including assuming an underlying distribution centered at no
functional impairments and at the baseline mean of all subjects were also considered, and
results from these analyses were similar to those presented. Repeated measures, random effects
models (Laird & Ware, 1982) were used to assess associations between imaging,
neuropsychological variables and change in the IADL ratings. These models incorporated
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random-effects to allow for between person variability in IADL scores summarized by a
person’s tendency to be above or below the predicted average level at a given time and to
decline faster or slower than average. They also allow for different time-lag spacing and number
of assessments across subjects. Models were built separately for baseline cognitive and imaging
variables. Model building began with simple models followed by joint models that included
all significant variables from the earlier steps. A final joint model included the significant
variables from the imaging and cognitive models. Models were adjusted for the possible
confounding effects of age, education, and gender. Model assumptions of normality, linearity,
constant variance, and bivariate normality of the random effects were examined using graphical
diagnostics, including residual plots and Q-Q plots.

The IADL variable was not normally distributed so the IADL rating was shifted by one and
then transformed using the natural logarithm. This transformed variable satisfied the
assumptions of the models. The imaging variables were centered at the mean and the memory
and executive scores were transformed to z-scores for ease of interpretation.

RESULTS
There were 634 IADL assessments for the 124 cases included in the analyses. Final models
presented in this paper include the 106 subjects with complete imaging and neuropsychological
data. The modal number of annual assessments was five, and ranged from one to eight. The
average time from the initial to last assessment was 5.5 years (SD = 2.3, range = 1.0–9.6).
Eighty-nine percent of participants had more than one annual re-assessment, and 82% had more
than two follow-up assessments. Table 2 presents baseline demographic information for each
of the three clinical groups. All participants in this study underwent a baseline clinical
evaluation and at least one subsequent annual evaluation. There were no significant differences
between the sample used in the current study and the original parent sample in terms of age
(p = .30) and education level (p = .5). The groups also did not differ on the MMSE (p = .3).
The groups did differ in gender representation with a larger percentage of men in the study
sample as compared to the parent sample (p < .001). Similarly there was a slightly higher
percentage of Whites in the study sample (p = .05). The drop out rate was also higher in the
parent sample as compared to the study sample (30% drop out rate vs. 10%, respectively).
Finally, a higher percentage (p < .01) of those included in the analyses died (38%) compared
to the parent study (22%)

Cognitive Predictors of Baseline and Change in IADL Ratings
The random effects models allowed us to investigate associations between cognitive variables
and baseline level and change in IADL ratings. In a model that only considered MEM, MEM
was significantly associated with baseline functional status (p < .001) and with change in IADL
ratings over time (p < .01). A lower (more impaired) MEM score at baseline was associated
with higher IADL scores (poorer baseline functional status) and with a faster rate of decline.
In a separate model-using baseline EXEC, a similar relationship was seen with executive
function significantly associated with baseline functional status (p < .001) and with change in
IADL ratings (p < .01). In the final, joint model, which controlled for age and education both
MEM and EXEC were associated with baseline IADL ratings, but only EXEC predicted IADL
change. MEM did not reach significance in the model. Education but not age was associated
with baseline IADL rating (lower education associated with worse function). These results are
displayed in Table 3.

Figure 1 displays the individual trajectories of the IADL score by quartiles of EXEC. A joint
model not controlling for age or education produced very similar results. There were no
associations between change in IADL rating and gender, so this variable was not included in
the final joint model, although results were similar to those presented in Table 3.
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Neuroimaging Predictors of Baseline and Change in IADL Ratings
We first examined each of the imaging variables individually followed by a joint model with
all significant variables. In these individual models, baseline volume measurements of CGM
(p < .001) and HV (p < .001) were significantly associated with baseline IADL ratings, whereas
HV was associated with change in IADL ratings (p < .01) and CGM was modestly associated
with change in IADL ratings (p = .05). Individuals with more CGM and larger HV had less
functional impairment at baseline. Those with smaller HV or smaller CGM volume had more
rapid declines in IADL ratings over time. WMH (p = .1) and LAC (p = .2) were not associated
with baseline IADL ratings or with change in IADL ratings (WMH p = .4, LAC p = .4). There
were no associations with gender so this variable was not included in the final joint model. In
the final joint model including CGM and HV and controlling for age and education, HV was
an independent predictor of baseline IADL ratings and HV was significantly associated with
change in IADL ratings. These results are displayed in Table 4. Individual trajectories of the
IADL score by quartiles of HV are shown in Fig. 2.

Cognitive and Neuroimaging Combined Model Predicting IADL Change
Finally, using a joint model that included both the cognitive and imaging variables that were
statistically significant in the previous models, we determined which variables made
independent contributions to predicting baseline IADL ratings and change in IADL ratings
over time. Table 5 presents the results from the model that does not include an interaction
between CGM and time, because this term was not significant and did not change the results.
Both MEM (p < .001) and HV (p = .03) were independently associated with baseline IADL
ratings. Baseline EXEC was the only variable that independently predicted rate of decline over
time in IADL ratings (p = .036).

DISCUSSION
In this study we examined the relationship between cognition and everyday function both from
a cross-sectional and longitudinal standpoint. In the cross-sectional analysis, we examined the
relative associations between memory and executive dysfunction and the severity of functional
impairment. The results suggest that memory and executive functioning are related to current
functional impairment (with memory possibly having somewhat of a stronger relationship than
executive functioning based on examination of p-values). In the longitudinal analysis we
evaluated the association between baseline memory and executive function and future change,
or decline in functional status. In this joint model only executive functioning was associated
with a more rapid rate of decline. Thus, those individuals with greater executive dysfunction
at baseline experienced a faster rate of IADL decline, whereas greater memory impairment at
baseline was not independently associated with the rate of functional decline.

Why might memory function relate to contemporaneous everyday function but not to rate of
future change in everyday function whereas executive function relates to both? There are at
least two possible explanations. First, executive dysfunction may play a particularly important
role in the progression of disability. For example, Royall (Royall, 2006; Royall et al., 2004,
Royall et al.,2005) argues for the central role of executive dysfunction in causing functional
disability and in the conversion of MCI to dementia. Perhaps executive functions, because of
their role in regulating and coordinating other mental functions, organizing behavior and
generating responses, play a central role in a variety of everyday activities. Hence, when these
functions begin to fail the person cannot function as well regardless of how well other cognitive
functions are maintained. Further, because of the adaptive aspect of executive functions, intact
executive function may permit successful compensation for failure in other cognitive domains,
for example, memory. If so, failing executive abilities would then reduce compensatory ability
and compound the loss of everyday function. Consistent with the present data, Royall and
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colleagues (Royall et al., 2005) found that change in executive function, but not change in
memory, was associated with change in functional impairment over time, also suggesting that
executive dysfunction may be particularly important to longitudinal declines in everyday
function.

A second possible explanation for the results of the current study is that executive dysfunction
is simply a marker of greater cortical involvement. Thus, when executive functions fail other
cortically-mediated functions begin to fail as well and when multiple cognitive functions fail,
everyday function declines more rapidly. It is well known that AD affects the hippocampal
formation early in the development of the disease (Braak & Braak 1991; Hyman et al., 1984),
which explains the fact that memory is affected severely and this occurs early in the course of
the disease. As the disease progresses other cognitive functions (e.g. executive functions among
other domains) become increasingly affected (Welsh et al., 1992). In this context, it is possible
that once executive dysfunction is evident, AD pathology is affecting multiple neocortical areas
(including, but not limited to the frontal lobes). Thus, executive functioning at baseline
identifies how advanced the disease process is, and perhaps those with more advanced disease
processes progress faster. In contrast, if memory alone is affected, functional decline may
remain relatively unchanged or may not progress. Consistent with this idea is the fact that the
lag between onset of amnestic MCI and conversion to dementia (if it occurs) is highly variable.
During this time, which may extend over years, functional limitations are slight and distinct,
and progressive loss of function is not seen. Evidence suggests that multi-domain MCI
progresses to dementia more rapidly than amnestic or single-domain MCI (Alexopoulos et al.,
2006; Meyer et al., 2002), which is also consistent with the hypothesis that cortical involvement
carries a poor prognosis for everyday function. Arguing against the “more cortical involvement
at baseline” hypothesis is the fact that we did not find that degree of cortical volume loss at
baseline was predictive of faster functional decline. Ultimately to answer the question about
whether there is truly something unique to executive dysfunction that is associated with a more
rapid course of functional decline we will have to include measures not only of memory and
executive functioning, but also of other cognitive domains (e.g., visuospatial functions). A
strength of this study over most of the previous work was the use of psychometrically matched
cognitive scales derived through item response theory methods, allowing for greater confidence
that the pattern of associations found was not influenced by nonspecific measurement artifacts
of the tests.

Unfortunately, additional analysis of subgroups of patients (e.g., those with MCI versus those
with AD) was underpowered in the current study because of small sample sizes, and therefore
such results were not presented. Preliminary, post-hoc analysis of our results indicated that in
the MCI sample, there was a trend for baseline MEM to be associated with baseline IADL
ratings but EXEC to be associated with longitudinal change in everyday function (very similar
to the results that are presented using the entire sample). Interestingly MEM was primarily
associated with baseline IADL ratings and change in IADL ratings in the AD group, suggesting
that prominent memory dysfunction in this group may largely drive the progression of
functional impairment. However, a better understanding of how the current results relate to
specific subgroups of older adults awaits larger studies.

In addition to examining cognitive predictors of baseline and change in IADL ratings, we were
also interested in examining neuroimaging predictors. In the final multivariate model we found
that although hippocampal volume was associated with functional status in the cross-sectional
analysis, baseline hippocampal volumes were not independently associated with rate of decline.
That is, when the cognitive and neuroimaging measures were entered jointly as predictors, only
executive functioning accounted for a significant proportion of variance in future daily
function. Our results are consistent with the findings of Boyle and colleagues (Boyle et al.,
2004) who found that MRI measures of white matter disease did not improve the prediction of
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IADL performance in patients with vascular dementia over and above the contributions of
cognitive variables. Both studies found that cognitive measures predicted daily function better
than did brain imaging markers. Whether this is a generalizable finding, however, requires
further study. For example, the research on the comparative value of imaging and cognitive
predictors of conversion from MCI to dementia, a change defined in part by decreasing
everyday function, is quite mixed (DeCarli et al., 2004; Korf et al., 2004; Visser et al., 1999).

Although some previous studies (Boyle et al., 2004; Farias et al., 2004) have suggested that
neuroimaging markers of CVD (e.g., WMH) relate to functional status, we did not find this
relationship in the present study. In this study, WMH and lacunes were related to neither
baseline functional status nor rate of change. The differences between studies may be partially
related to differences in sample characteristics. The study by Boyle and colleagues (Boyle et
al., 2004) focused on individuals specifically selected because of CVD, and the study by Farias
and colleagues (Farias et al., 2004) examined a community-based group with low rates of
dementia. Thus, the imaging predictors of rate of change may vary depending on the sample
and in particular the distribution and severity of different brain pathologies within that sample.
In the present case, both the distribution of clinical diagnoses and the results of neuropathology
examinations in deceased patients from the parent sample (Reed et al., 2004) suggest that the
underlying pathology in this sample, while including a significant degree of CVD, is
predominantly AD. For this reason it may be that neither lacunes nor WMH are particularly
important markers of disease in this sample. Analyses of neuroimaging data from the parent
study have shown that HV (and cortical gray matter) tend to be more strongly associated with
cognition than WMH and volume of lacunes (Mungas et al., 2005; Mungas et al., 2001). It is
therefore possible that the contribution of white matter disease in this sample with substantial
AD is lesser.

A number of limitations deserve mention. How well our results may generalize to the aged
population at large is unknown, but in this context the heterogeneity of this sample is strength.
Community-based studies using autopsy confirmation of diagnosis have generally shown a
substantial frequency of cases with “mixed dementia,” with reported rates ranging from 40%
to 77% (Barker et al., 2002; White et al., 2005). Some degree of caution about the generaliz-
ability of the results does seem warranted given differences between the study and parent
samples. Although there were no differences in age, education, and global level of cognitive
impairment (as measured by the MMSE) between the parent sample and current study sample,
there were differences in some demographic variables (gender and race). Additionally, there
was a higher drop out rate in the parent sample, although this did not appear to be a result of
greater cognitive impairment in this larger group. There was no difference in diagnosis between
those who dropped out and those who continued in the parent study, and the distribution of
diagnoses was similar between the two groups at the baseline evaluation. The study sample
likely contained a higher percentage of more frail or ill individuals, as evidenced by a higher
mortality rate than the parent sample (38% vs. 22%). Reasons for attrition in the study sample
are not known; therefore it is possible that subjects may not have returned for additional
assessments because they were either too impaired, or alternatively, because they were
functioning sufficiently well that they were less interested in participating in the study. As
such, the relationships reported here may be specific to the sample studied, and cross-validation
would be necessary for determining the generalizability of the findings.

The current study focused on two cognitive domains, memory and executive function because
prior studies had identified them as especially important to daily function. The measurement
of other cognitive domains such as language and visuospatial abilities were not included. Thus
the question as to whether executive functions play a special role in predicting functional
decline or whether it is a marker of a more general effect of greater cortical involvement cannot
be directly addressed by this study. If it is a more general effect we would expect that other
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measures of neocortical functions such as language and visuospatial skills may also be
associated with rate of change. Using psychometrically matched instruments assessing a wider
range of cognitive domains is an important direction for future research. A second issue is that
the particular executive function scale used here was derived from working memory and verbal
fluency tests and thus cannot be said to measure executive function in a comprehensive sense.
Different measures of executive abilities might well yield different results. This is to an extent
true of the memory composite as well, although the weighting of the memory measure—
delayed verbal episodic memory—is at the core of a range of clinical memory tests and clearly
represents a central aspect of memory function. The IADL rating scale, while widely used, is
brief and non-comprehensive. Use of both informant- and performance-based instruments
might permit more detailed and complex relationships between cognitive functions and
everyday function to emerge. Additionally, although this study employed a broader range of
MRI markers than previous studies, we nevertheless did not have a specific measure of frontal
lobe volume or specific frontal white matter changes, which may be important for determining
the contribution of this brain structure to the prediction of functional disability. Dysfunction
of the prefrontal cortex may arise from direct neuronal loss, loss of input from neocortical
association areas, and damage to frontal-striatal circuitry. Unfortunately, we are unable to
identify the pathway or the etiology of this dysfunction in this study, and future studies with
more specific MRI volumetric measures of frontal lobe volume are needed. Additionally, the
reliability of identifying lacunes is known to be problematic. In this study one rater (a board
certified neurologist) identified lacunes on MRI scans for all participants. Further evaluation
of this approach is needed.

In summary, previous studies have shown that individuals with greater global cognitive
dysfunction at baseline experience a more rapid rate of decline in IADLs than individuals with
milder impairment overall (Feldman et al., 2001; Schmeidler et al., 1998). The current results
extend these findings to show that in particular, those patients with a greater degree of executive
dysfunction at initial assessment tend to experience a more rapid decline in ratings of their
functional status over time. Although more atrophic hippocampi at baseline were associated
with a faster rate of decline in everyday function, this was not independent of the effects of
executive dysfunction. Thus, whereas these data suggest that executive abilities may play a
particularly important role in predicting decline of everyday function, various issues leave that
an open question. However, these observations provide strong support for the value of
exploring the effects of specific domains of cognitive impairment on daily function and
demonstrate that the factors predicting current status may differ from those that predict change.
Understanding the difference may refine our understandings of how brain pathology is
eventually expressed in disability.
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Fig. 1.
Individual trajectories of the IADL score by quartiles of EXEC. Those in the first quartile of
EXEC have the lowest EXEC scores and their IADL trajectories suggest increasing levels of
functional impairment over time. Those in the fourth quartile have the highest EXEC scores,
and although there is variability, the trajectories suggest a lesser degree of functional
impairment over time.
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Fig. 2.
Individual trajectories of the IADL score by quartiles of HV. Those in the first quartile of HV
have the lowest HV and their IADL trajectories suggest increasing levels of functional
impairment over time. Those in the fourth quartile have the highest HV and the trajectories
suggest a more stable level of functional impairment over time.
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Table 1

Blessed-Roth Dementia Rating Scale instrumental activities of daily living items

a. Ability to find way around familiar streets

b. Perform household tasks

c. Cope with small sums of money

d. Remember short lists of items

e. Find way about indoors

f. Interpret surroundings (e.g., to recognize whether in hospital or
at home)

g. Recall recent events (e.g., recent outings, visits of relatives)

h. Tendency to dwell in the past
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Table 2

Baseline demographic, neuropsychological, and ADL information for the three subject groups [Mean (SD)]

Cognitively
normal
(n = 52)

MCI
(n = 35)

Dementia
(n = 37)

Age 72.5 (7.4) 72.8 (8.4) 73.1 (8.4)

Gender (% female) 46 20 32

Education (years) 14.9 (3.0) 14.1 (3.2) 14.0 (3.2)

Ethnicity (% White) 85 77 84

MMSE Score 29.0 (1.3) 28.2 (1.9) 22.3 (4.7)

Memory Composite+ .74 (.63) .14 (.5) −.90 (64)

Executive Composite+ .65 (.61) −.02 (.9) −.90 (.74)

IADL .45 (.84) .80 (.85) 2.9 (1.7)

+
Presented as a standardized score
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Table 3

Results of random effects modeling of MEM and EXEC baseline and change in association with IADLs

Effect Estimate Standard Error P value

Intercept .636 .041 <.001

Age .004 .005 .48

Education .031 .013 .035

MEM −.440 .060 <.001

EXEC −.11 .050 .04

Time .06 .010 <.001

MEM × time −.025 .013 .051

EXEC × time −.033 .012 .015

Age × time .000 .001 .82

Edu. × time −.001 .003 .68
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Table 4

Results of random effects modeling of MRI volumes at baseline and change in association with IADLs

Effect Estimate Standard error p value

Intercept .720 .050 <.001

Age −.007 .006 .25

Education −.0005 .015 .98

CGM −1.11 1.31 .41

HV −585.7 89.4 <.001

Time .071 .011 <.001

HV × time −56.08 18.85 .006

CGM × time −.05 .28 .87

Age × time −.01 .001 .64

Edu × time −.007 .003 .04

CGM = cortical gray matter volume; HV = hippocampal volume.
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Table 5

Results of random effects modeling of MRI volumes and MEM and EXEC at baseline and change in association
with IADLs

Effect Estimate Standard error P value

Intercept .667 .043 <.001

CGM .219 .944 .818

HV −217.9 94.9 .03

MEM −.357 .064 <.001

EXEC −.09 .054 .11

Time .064 .011 <.001

MEM × time −.018 .015 .25

EXEC × time −.029 .013 .036

HV × time −17.25 22.11 .44
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